Congo red inhibits the accumulation of protease-resistant PrP in scrapie-infected mouse neuroblastoma cells. Here we show that Congo red also inhibits the replication of scrapie infectivity in these cells. This observation is consistent with the idea that protease-resistant PrP is a vital component of the scrapie agent or that agent replication depends on the presence of protease-resistant PrP in the cell.
The transmissible spongiform encephalopathies (TSEs) form a group of neurodegenerative diseases which includes scrapie and bovine spongiform encephalopathy in animals and Creutzfeldt-Jakob disease, Gerstmann-Straussler syndrome, and kuru in humans. A common feature of TSEs is the accumulation in the central nervous system of a protein, called PrP, which is a primary component of scrapie-specific fibrils, amyloid plaques, and brain-derived fractions enriched in scrapie infectivity (1, 2, 7, (15) (16) (17) . The relatively insoluble and protease-resistant PrP (PrP-res) that accumulates in TSEs is an abnormal isoform of a protease-sensitive endogenous host PrP (PrP-sen) (5, 19) . The involvement of PrP in TSE pathogenesis is well documented, and there have been proposals that PrP-res or the scrapie-associated fibrils containing this protein may be a component of the transmissible agent (2, 7) . However, these proposals have not been clearly proven.
Recently, we showed that Congo red, a dye that has long been used as a diagnostic stain for amyloids (12) , inhibits PrP-res accumulation in scrapie-infected mouse neuroblastoma cells (sc+-MNBs) without apparent effects on PrP-sen metabolism or protein biosynthesis in general (3, 4) . The effect was due primarily to prevention of new PrP-res accumulation rather than destabilization of preexisting PrPres. PrP-res accumulation remained depressed in the cultures after removal of the Congo red, indicating that the effect was not reversible. The mechanism for the inhibition of PrP-res accumulation by Congo red has not been firmly established. However, since Congo red binds to amyloid fibrils of PrP-res (20) , it appears likely that a direct interaction during PrP-res formation could interfere with a critical event in PrP-res formation or destabilize the structure formed (3). Moreover, Congo red is a sulfonated compound; in that respect, it resembles the sulfated glycans which inhibit PrP-res accumulation in sc+-MNBs (4) and have prophylactic value against scrapie in mice and hamsters (6, 9-11, 13, 14) . These inhibitors can be viewed as sulfated glycosaminoglycan analogs, suggesting that their mechanism of action may be to interfere with the interaction between PrP-res and endogenous sulfated glycosaminoglycans that is observed in vivo (4).
In the study reported here, we tested the effect of Congo red on the levels of scrapie infectivity in sc+-MNBs. Detached (trypsinized) cells from a confluent culture of sc+-MNBs were seeded at 1/10 confluent density into triplicate flasks containing minimum essential medium with 10% fetal * Corresponding author. bovine serum or the same medium containing 1.4 ,uM Congo red (98%; Aldrich), grown to confluence within 4 to 5 days, and serially passaged twice again by the same procedure. The first two passages were in 25-cm2 flasks; on the third passage, the cells were seeded into one 25-cm2 and two 75-cm2 flasks. At confluence, the cells in the 25-cm2 flasks were lysed and analyzed for PrP-res content by immunoblot as described previously (3) . As shown in Fig. 1 , no PrP-res was detected in the cultures treated with Congo red. This was true even when the immunoblot, which was developed with a peroxidase-catalyzed chemiluminescence system, was exposed to film for 60 times longer than the minimum time required for the detection of PrP-res from the control cells. The average total protein content in the lysates of the Congo red-treated cells was 97% of the content in control cell lysates, indicating that there was no apparent effect of the Congo red treatment on growth of the cells throughout the treatment period.
To compare the levels of scrapie infectivity in the control and Congo red-treated cultures, an endpoint dilution bioassay of the cells in the replicate 75-cm2 flasks was performed.
The attached cells were washed to remove the residual Congo red in the medium and dislodged by using trypsin. The trypsin was quenched by the addition of fetal bovine serum to 16% (vol/vol), and the cells from the replicate flasks were combined. The cells were pelleted by centrifugation, resuspended in 1 ml of phosphate-buffered balanced salts solution, counted, disrupted by freezing, thawing, and sonicating, and inoculated intracerebrally at various dilutions into RML mice as described previously (21) . Whereas scrapie infectivity was detected in the cells from the three control cultures, none was detected in the same number of cells from the Congo red-treated cultures (Table 1) . Thus, Congo red inhibited scrapie agent replication in the cultures.
In a quantitative sense, our data indicate that the Congo red treatments reduced the PrP-res content and the scrapie infectivity by at least 98 and 96%, respectively. However, the inherent inaccuracy in the scrapie agent bioassay and the fact that no PrP-res or infectivity was detected in the Congo red-treated cells makes it impossible to ascertain from these data whether the reductions in PrP-res and infectivity were in fact proportional. Indeed, similar problems with other experimental systems has made quantitative comparisons of scrapie infectivity and PrP-res difficult (22, 23 have shown that the destruction or denaturation of PrP-res in cell or tissue extracts by using proteinase K or sodium dodecyl sulfate (SDS) can also be accompanied by a decrease in scrapie infectivity (15, 18, 20) . The interpretation of these earlier studies with SDS and proteinase K was complicated by the fact that these harsh treatments are broad in effect and can be expected to affect most proteins and infectious agents nonspecifically. In the present study, the inhibition of PrP-res accumulation and scrapie agent replication by Congo red occurred in living cells and appeared to be highly selective because, at the concentration used, Congo red has no apparent effect on the growth or morphology of the cells or the metabolism of PrP-sen or of proteins in general (3, 4) . We still cannot totally exclude the possibility that Congo red separately inhibits scrapie agent replication and that the inhibition of PrP-res accumulation is an independent or secondary event. Indeed, recent studies of c Fifty percent lethal dose (LD50) as determined by Spearman-Karber analysis of the endpoint dilution data (8) .
d Number of cell equivalents inoculated per mouse. No mice were diseased after inoculation with 102 cell equivalents. the effects of the polyene antibiotic amphotericin B in scrapie-infected hamsters suggest that agent replication and PrP-res accumulation can be separated temporally under certain circumstances in vivo (24) . However, since Congo red binds directly to PrP-res (20) , it seems likely that the direct effect of Congo red is on PrP and that this interaction in some way influences the accumulation of scrapie infectivity in sc+-MNB cells.
